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Investigation of Cumulative Trauma Disorders in Manual Tasks
— Case Study at Osram Sylvania, Inc. —
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ABSTRACT

The purpose of this paper is to present design recommendations intended to reduce the risk
of cumulative trauma disorders(CTD) at the Osram Slvania, Inc. The CTD risk index score is a
method which quanitifies the nisk factors to CTD incidence, namely extreme postures, high force
elements, frequent damaging hand motions, and other miscellaneous factors. The risk index
score quantified the jobs as a single composite value by weighting the scores for each risk
factor. Jobs were prioritized for capital outlays in workstation redesign, and the factors of
highest risk within each job could be identified. Three jobs which presented the greatest risk of
CTD incidence were redesigned ergonomically.

1M B3 gon, old we we HIANE @
BRI ok Feieel 19033RE 199637

Ahagel Teirle wAe vy dws A AA 43 2w, AsNge Bt
G Aol AT + §& AES ME SEZ F nolT AW AU BABH Y &4
AT Qlod], ol RFe] PUALYE A4 AL G F AAY YL 988 A
EH8oitn g FA0lh 28t ob 4% 4 B Rolm Utk @ I 45T 19969l 6
AAgiel oF 13 BEA Abgel Aol oa) & = THeldol WAl WEHY £AB Ho: 3

- SHUED ord T s}

« Pennsylvania State Univ., Dept. of Industrial & Manufacturing Eng.

s

ZAIQIOHM L8| K] M122 H4Z ‘97 128 153



A4 2 Andris Freivalds

Aoty
St Abdebde] dist BHe F=2
oto g FEE 4 Ue ¢
Jolu Haly - o
n, 9oz & mux o
&4 744 Ao (Cumulative Trauma Disor-
ders: °|&} CTD)$t o] ghiel Q) FA
o9& oyt Aol ol wHEH F49
oz dojitiz Ay i3 AFE HId 9]
Folx7] Al=gk gAelt} o]ggt CTDRE 1&g
A7 1994d(FF)ellE ARGAY A
A 35%E At oo, X 10879
BAZ Bu A%HA FET T FHAE R
1 ol wmeba Aiste] A, HgyH 2
59 H(quality)ol widt #Ale] otz §)
t AHEE FAeld, &3 HRE, Y BA
9] W3} human-computer interface® 7}, &
2218 133 & 499 Fx ¥zl we 7}
7hg el $8 Ut A= CTD7E Ak A8
o] 2 FAZ FztE Aelmz olzg A
A B TS Vg odol & Aol

el AFF & 3G Foly dFoizk
g & e 257 8 v AA A
o] oF 15%F At e Aog 2AEY
ond], 8 vglMz F7|ze w34 Aol
2 Yeide ARG 8B4 SAsia
Atk EF CTDE 19604FEH FAx=F7]4
(ILOYO A 2FAlsl = JAET Qe F8.38 A
AN shtoln, $2 detdAx 19961l
AFAHE AAE Azt AUtk LB A F
89490 HE Jd"EwR¢(Manual Material
Handling : MMH)2 A & 4dzk Azk3 %
o Fg [A Bolgon ZAFHozE EE
S8 vz dggtaqle] Ay #e g
& AT7AAEo] BEHo] AT ey -
FAEe] v|s] CTDo tig dF& vl§ #F
g AdElel glon, wyAleie] oijt H3 A}
7} o]FojX 3 Sl Aotk

A CTDel digh |79 Z2F7lee At
Hiarzt & o]Feou, HZ EolAE Vem
Putz-Anderson” 59 9ax AX7 vexm
Pennsylvania State University® FHo2 C-

rir

[e]
A

154

o
w
)
o
2
m
N
i
2
R
o
1
dn
iy
o
i)
o
)
El

¥ o
rir

ox

[o

o
e
2

>

H

)

e

-

=

F3te] sfotstolol ¥ Aoz A

o= Wy
MoSeoapn QL
;lmmlo
_\;._l‘
U

e

Tl Pennsylvania State Univer-
TD Centerol A 71e3d CTD 984 =
o] &3}l Osram-Sylvania, Inc.9] 2zt
of &3 Aldl ATE F3s:, =Y

9 checklistg ©}&% CTD H&dAol dl
Hrpg el S-S AAstaal gl

Qi

o)

2]
g
Lo

ol
e
tlo

(& L2 L
1
o

21 CTD &3 4

CTDY 2Hdle od87iAe] 847t 43S
vz £ e Acrg gHA 9lon, Park et
al8) & 1127)¢) CTDel 4F& vl $A4E
& XA BAE F og Fig. 13 Zo] AAH
o2 &, AAstn Utk o] EFol 9d
CTD e &g mxe 202 AA
Arg Zdzd, Mdd EAda fxg ot
F&#(Torque)d w3 5 A 7Ix& €3 9le
o, 2t g8 digk AR 8AES AAS 3l
o},

CTD 34 FoA 71 "ol A7z
23 ¥ CTS(Carpal Tunnel Syndrome)Z
BAZ71E 2% vlg- theksle v A<l
FolEelz A, IAH, T3, U4, 7
Hirolmw Fo Ay, 49 Jiz #HAH
T2 Wi T #HEHo glon &F
ghE-z o 2 ALEslE el FAEE A
#ese] o,

re

oF o¥ 1 ol

B

b o ofn

22 CTD &N Ho| ot

CTD ¢9184¢& AFHoz Hrsr s
CTDE A= & & ME ZFgshe 3,
AA, 718k &9 T i/l fF a9 A8
"2 CTD 934 A4E A& Pennsyl-
vania State University?] CTD H7PidE =
sttt CTD 9184 HAae AL Ade 2

Joumal of KIS Vol. 12, No. 3, December '97



Wizl Yoz oA &4 L3 Fojol

CTD Incidence

o

Excessive Working Condition

Pripri & Posteriori
Characteristics of Individuals

Excessive Forces Torque at Related
Musculature

e e —

I_—L—"l

Work Work
Posture | | Frequency
Social & Anthropo- Musle Tention
. External . .
Other Work Demo- metric & Load Joint Constraint
a
Envimment graphic Impairment Forces &
. . Assessment
Information Information Moment
Fig. 1 Conceptual CTD Model
A} £ 4G 55 A7) 994 FEe B NEE ANSEs) 17568 e 4
P Aud A5z g, 4 9de  d¥d 35S AgsAT 3 Agets Yol
) BEE AMSR olF U a9 AE ¥ BY &S 3E FA4Y Hy 299
& CID 934 T2 gt olge 175%& 7leez EEsstd Hes sk

o)

: 2 AL
L orir ool = b
0N

(
v

) _|1>i
rc
M
t e

Aol 48 FEAQ & 53

i fo Koo

oo %
B
O‘Lr ]

“ &)
& &5 g3 Ad WA A Erigoes
Avx B3 Tog 7R #A9 cycled & ¥
o) B4 2y FHedd & 3 e 4

S AR AU S WE 100008 &
$48 720w g 2ol Aeaat

. . 21612, cycle® & B3
Ay B3 st
GRS I R 10000 cycletime

2] F WHEE L E A A sle] HUEGR
o] Al x| oM LKo] FHARE W &
el AR Z Dynamometers o] -&8}a

5~20%% Zseti A9 TEIE A
A ool AEA Eo Wt FgEe

g itd ol Etexl AM12A M45 974 12%

ret

o

?.

ot 44 Wam = AgIE Y a9
47} 1913 elook et @ Agde] @

£ A% dvigck

O = AL O

A gRlell g AR AR 654 #
OMelM e W g 4%

ol whzte] FHH A

Ak

zsted WFsted Fach JH 2Ae @9&
22, A A, o 2T, ol I, B9 F
%, 29 23 5 67) BFoz 7 29 w9
o] thdlt Hrlx)i= Table 13 2Th
Table 1 Score based on the deviation from a neutral
posture
Joint Angle Posture Point
0° 0
> (°, < 45° 1
> 45" < 90° 2
> 90° 3

A Qe dE

e 248 A9

155



A E Andris Freivalds

Helo] me b F3d HA4E JME sy
FZAh 2 F99 A ogE AEFAE
Y cycles #4894 Hixo) o WEEE o

g3te] geat o] AA AL
%2 (28 85 Q)

A 29 HE

X(% 24 cycle)

F, oh23 o) 2+ R jo dig AF:Ae &
A7) AAAM Hdte Aol 28 EHE A7
Hlestn 2} F3d dee 53T AAedA g
Z9] cycled) wWE&o] FAA Aot o= F
JdF EE H37t FHAAES Y "ol=
2R 8.9l FIERPE “070) Hal o]E HFow
AAZe Aoy FHAMEZ RE @7t A
AFLE A 3 FrA7r ARve A
& 9u| g},

It Adge) eE, Ade 2
; &gel 27),

o olE 7} axel Hr} 7Ee

- AR LR 10T ol B¢

-34S HEPS BS

- AR g@o] HA YA We) REY A

- g EF Egelel 2 inch wh AAY
3inch wth 2 3%

- Al =EBHAAY QFE} B A
AoNN AT Aol AFEHW B 17,

o9} wtjel Heole 0" o2 @

OCTD 84 X0

7HA A8 89 HrklY s HEem
CTD #9384 g 2&sisd 4 299 7}
%2 Pennsylvania State University®] CTD
Centeroll 4] AMS-3lE 258 =54
-& T3 ¥z 89(0.3)
- A&t g 291(03)
- 24 221(0.2)
- 71e} 821(0.2)
2 gk wepA ol #F5He CTD d3dA 4
FE O 2ol A&

156

CTD 84 HF=(03x&E 3 0E)
+(0.3X 2831 &) +(0.2% AHA)
+(0.2X 7]E})

CTD $184 A9 dzd £2& 10 °]
stold #ial CTD9 #gAol e Aoz
A7HE  glen, & FAYERE CTD 9484 A
FE AEdA 7 T AL W) 9%

F&3HA o182 F Utk
3. i7ga ¥ B

3.1. CTD ¥1&g4 =7t

2 A3+ Osram-Sylvania, Inc.®] Cable &
HEEo 137] Aol gk CTD 9¥4¢e 3
stk A" 137) 22 OSHA No. 200
form (P15 QAR ZALE)H Ardelel A
B 718, 222 BY 71§ T 2A3%Y CID
o] BHATtsAol & AHho] AAHYew,
Ao digk A 4L Table 28 2t} &
A Aabe= A" 1374 Yo i ZAAR Ao
2 RE ARHA AR whle zk 33
of tha 5 cycle timeol 3FEE A7 Qe
528 #93lo, Software VISION 3000 o]
|3t Zt 2 Ao A, B2 kR £ WHo)
75 58 &A1, o]& CTD H7F 249 ol
3 A#ssled ¢ CTD 184 AFE A=
&}t Soldering 29 CTD 7} checklist
9] o= Fig. 2%} 24}

Table 2 Job Description

Job Title Description

Stripped cables arc pushed through a
machined hole to brush back coarial wires

Soldering

from the conductor., The ends are further
trimmed manually and then placed in a
holding device. Terminal ends are also
placed in a holder which is put against
the cable ends. The parts are soldered
together and brushed. The insulting end
caps arc manually pressed on and crimped
using a machined hole and forceful taping.

Grommet The grommet is crimped at the center on
Crimping a crimping devicee The machine is

activated with a two hand safety device.
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Job Title

Description

Grommet
Cuffing

The worker removes grommets from a
bin(Table height) and puts a metallic cuff
on one end. End product is placed in a
second bin.

L-Crimping

Cable ends are feed manually to a
crimper. One at a time with L-shaped
ending. Cable is yanked into place and the
machineis activated with a two hand
safety device.

Taping

The worker uses foam tape to fix trec
connectors to the cable.

Heat
Shrinking

Cables with grommets and heat Shrink
wraps are place on the heater.

Cable
Stripping

Precut cables are stripped off their ends.
Stripping is done by a table top cutting
device with numerically controlled start
and end lengths. The worker the inspects
the stripped end and trims and removes
non-conformities with hands and pliers.
Different strategies were employed. The
highest wrist deviation examples were
used.
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Table 3 Summary of CTD Risk index

Grommet
Centering

Grommet are placed in the center of the
cavie using a thrcading approach. Then
heat shrink tape in also threaed on the
cable.

Inspection /
Continuity

Cable ends arc placed in a closed loop
brace. After the device is closed a current
check is done. The lid is lifted and the
cable is removed.

Crimping 1

Cable ends ar fed manually to a crimper
one at a time. The worker holds crimped
cables in hand while manipulating other
cables.

Inspection /
Manual
Tolerance

Cables arc counted and the end
connectors are tolerance tested with a

machined standard.

Crimping 2

Cable ends ar fed manually to a crimper
two at a time. The crimped picces are
I'shaped and arc manually placed into the
crimper. Machine activation requires two

hands to ensure safetv.

Plug-End

Connectors

Two prong cnd connectors are manually

pressed on to the cable assembly.

HA8 137 28 CTD 984 A58
oF8l® Table 33} 2tk Table 3014 i vlsh

St o stE| x| A12A M4S 974 129

8

Grand
Job Title Job description
Score
Soldering Solder contacts and casing to 3006
cable
Tap is used to fix tr
Taping D1 ¢ 2.999
connectors to cable
Grommet Push matallic cff onto grommets 2046
Cuffing for crimping '
Heat Place cable in clamp for heat 2804
Shrink shrinking '
Cable Strip insulation from coaxial 2603
Stripping cable and trim ’
L-Crimping | Crimp L-shaped end connector 2.562
Manual/ Cabl ¢ and tol
coun
Visual avie and folerance 2425
. guaging
Inspection
Grommet Crimp the grommet cuff to fix to 2410
Crimping center )
Grommet .
K Slide grommet to center 2.074
Centering
Continuity
. Test for current flow 2.037
Testing
Cramping 2 |Both end crimping 1985
Plug-In End | Press plastic end connector on 1769
Conneclors | wire '
Crimping 1 | Single end crimping 1.764
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Job Title [ Soidering

] Working hours

Job Description [ Solder contacts and casing to cable I

Machine I |
Frequency Factor [ 2.475

Record number of damaging postures during one
cycle in the corresponding box, else leave blank

Left Right
R U Deviation
D V Deviation 4 12
Arm Rotation 5 10
Medial Grasp 4 4
1 Point Pinch
2 Point Pinch 18 24
Lateral Pinch
Palm Pinch
Finger Press
Total [ 31 B ]
Force Factor 5667

A Pinch/Giip is Static if it is
hold for 30 seconds or longer

P
CaseP Static (Y/N) E
Case P:R

Force Factor P 5.667

Grand Score

Neck Flexion.(Ext.) 1 point 30.000

[ 75]
Cycle Time : Secs.
Estimated Number of Cycles 450.00

Postre Factor

Record Time, in seconds, that posture is
maintained during one cycle in corresponding
box, else leave blank

Shoulder Flex.(Ext.) Left Right
1point | 2 2
2 point 20
3 point 20
Elbow Flexion.(Ext.) 10 : 20
Should.Abd. 1 point 10 20
2 point
3 point
Back Flexion.{(Ext.) 1 point 20.000
2 point
3 point

2 point

To [ m2 | [ 12 |

When condition is true place a 1in
corresponding box. else leave blank

Work Temp < 10°C

Miscellaneous Fctor

Gloves (worn) ?

Job Rotation (no) 1

Training (no)

Tool Handle Size (<2  or>3")

Vibration (Yes)

Overall €omfortability (poor)

3.026

Fig. 2 Example of CTD assessment checklist
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